the design of complex sociotechnical systems was primarily known as cognitive engineering or cognitive systems engineering (CSE), a term introduced in the 1980s to denote an emerging branch of applied cognitive psychology. 1, 2 Research focused on such topics as human-computer interaction, the psychology of programming, display design, and user friendliness. Although some have sought to make the term cognitive engineering seem less of an oxymoron by doing work that somehow looks like actual engineering, a number of new terms have emerged, all of which might be considered members of the "genus" Human-Centered Computing. Researchers, research organizations, funding sources, national study groups and working groups, and even entire national funding programs espouse these approaches. A number of varieties have entered the judging competition, as the "acronym soup" in Figure 1 shows. This variety has come about for many reasons. Some individuals have proposed terms to express views that they believe are new. Others have proposed terms as a consequence of the social and competitive nature of science and science funding, leading to turf wars and the need for individuals to win awards and claim niches that set themselves and their ideas apart from the crowd. The obvious, and obviously incorrect, question is, "Which term is the right one?" As we hope to suggest in this essay, this question is rather like the quest for the blue rose. Using the rose metaphor, and taking some liberties with Latin, we organize the essay around a set of "genuses" into which the individual "varieties" seem to fall.
Rosaceae Traditionum Contrarium
Rosaceae: The rose family Traditionum: The act of handing over Contrarium: Opposite or contrast This genus includes those varieties that express a reaction against some less desirable alternative, often left unnamed (we will make up names to fill the voids). A proposed umbrella term is Human-Centered Systems, which people have used to denote A report to the US National Science Foundation presented proceedings from an HCS workshop, which included position papers from 51 researchers spanning disciplines including electronics, psychology, medicine, and the military. 6, 7 Although all said their work and ideas were human-centered, they had diverse opinions about precisely what humancentering is all about. To some, humancentering is
• A philosophical and humanistic position regarding workplace ethics and aesthetics • A software design process that results in really user-friendly interfaces • A description of what makes for a good tool, that is, the computer does all the adapting • An emerging interdiscipline, requiring institutionalization and special training programs
To some, a human-centered system is
• Any system that enhances human performance • Any system that plays any kind of role in mediating human interactions Two main themes underlie this discussion: First, HCS is really technology driven, with human issues and concerns being an add-on rather than the primary engine of change. Second, HCS is driven by a reaction against what is perceived to be a naughty tradition in the design of information-processing technology-a tradition we might dub Technology-Centered Design. In TCD, system developers specify the requirements for machines, then implement or prototype the requirements, and finally produce devices and software. Then they go away, leaving users to cope with what they have built. Indeed, experience has shown that devices that are designed according to the designthen-train philosophy "force users to adapt to the system. The user is entangled with the system terminology and jargons that are the designer's view of the world." 8 Many lessons learned over recent decades have pointed toward a need for an alternative to TCD, sometimes tagged as Participatory Design. These lessons span a range, including insights from significant accidents caused by differences between designers' intentions and users' understanding and cognitive capabilities (for instance, the ThreeMile Island incident). But the lessons also come much closer to home. 9 We have all experienced, for example, the frustrations of learning to use upgraded software, advertised and lauded for its new capabilities by those who designed it and are therefore familiar with it. The new capabilities, however, usually require significant relearning, backpedaling, kludging, and work-arounds. Bells and whistles often go unused and even unnoticed. The vision for HCS is to create systems on the basis of an analysis of human tasks and an awareness of human capabilities, and then determine that the systems result in a performance gain and are adaptable to changing human needs. 7 At about the time that the NSF began its HCS work, NASA Ames launched an effort on what it called Human-Centered Computing. 10, 11 This designation is more forthright than HCS in that the "systems" being designed and built clearly are computational systems (and not other things, such as teapots). HCC also more directly reflects a reaction against a tradition that we might dub Machine-Centered Computing (MCC). HCC's core idea is to build systems that amplify and extend human cognitive, perceptual, and collaborative capabilities. 12 In this approach, system design must be leveraged by known facts and principles of human psychology and not just by the decontextualized principles that computer scientists or electronics engineers are accustomed to using as guidance (that is, MCC). Human-Centered Systems must complement humans and are not intended to imitate or replace them, as the Turing model for AI would have us believe. 13, 14 Even more speciated than HCC is the designation Human-Centered Processes (HCP), the term used by a Working Group of the European Association for Operational Research. At first blush, the HCP designation seems odd in the present context: Humans engage in cognitive processes, so how could a process not be centered on (or in) them? The answer is that this group focuses on the design of systems for manufacturing and industrial-process control. The Euro Group shares the sentiments of the HCS and HCC communities regarding goals such as support for distributed teams and dissatisfaction with user-hostile systems. Contextual Design (CD) also expresses a reaction in computer science, but focused against what might be called LaboratoryBased Design (LBD), for want of a better term. The basic idea in CD is that the design process cannot be conducted by cloistered designers and programmers feeding designs to the user.
Rather, designers must become field researchers and immerse themselves in the application domain to fully understand domain practice and the context of the prospective designs' use. 16 CD advocates represent the impact on computer science of ethnography (also known as cognitive anthropology, situated cognition, and "cognition in the wild"), 17 especially the works of such people as Edwin Hutchins 18 and Jean Lave. 19 Related to the spirit of CD are two additional varieties in the genus Rosaceae Traditionum Contrarium, called User-Centered Design and Participatory Design, which express a reaction in human factors psychology, ecological psychology, and applied cognitive psychology against the traditional approach, TCD. The UCD concept traces its origins to cognitive engineering around 1980 20 and is alive and well in the software engineering community. 21 The core idea is that that the machine must satisfy the needs of the people who will use the system, and therefore those people need to be involved in the system's design. 9, 22, 23 (Ironically, UCD as it is manifested in the software engineering community is actually somewhat designer-centered: It relies heavily on decontextualized principles of usability, interface design, and so on, rather than trying to deeply understand actual work contexts. Furthermore, users' involvement often only takes the form of user commentary on design ideas and clever prototypes-the "satisficing" criterionrather than something more powerful such as a full empirical study of performance to assess usefulness and usability.)
Similarly, in the field calling itself Human-Computer Interaction, some use the terms Client-Centered Design (CCD) and Customer-Centered Systems (CCS) to express the idea that designers must interact with and satisfy clients and customers (who are not necessarily the end users but can be the ones paying for the work). 16 In a moment of reflection on the ecological approach to human-machine integration, 24 John Flach and Cynthia Dominguez realized that the goal for systems designers is not really to build tools that support particular users, as the UCD designation suggests, because more than one individual might use any given system. 25 The goal is to provide information (possibilities for perception) and "affordances" (possibilities for action)-to support uses rather than users. Hence, we find the term Use-Centered Design. Some have suggested the term Work-Oriented Design (WOD), 2, 26, 27 and more recently Practice-Centered Design (PCD), to clarify this subtle but important point. [28] [29] [30] The Theme to the Contraria
The contrast of Technology-Centered and Machine-Centered Design with all the others-HCS, HCC, HCP, UCD, UCD, CCD, CCS, WOD, and PCD-shows perhaps most clearly in David Woods' analysis of Fitts' List, reproduced in Figure 2 . 31, 32 This list was developed during and just after World War II by human factors psychologist Paul Fitts and others who were designing cockpits, radar devices, and the like for the US Army Air Force. Fitts' List emphasizes the things that machines and people do well, but it clearly slants toward the view that we humans need machines to make up for our human frailties, limitations, and penchant for error. The focus of design according to this tradition is to have machines mitigate human error, emotionality, memory limitations, and so on.
Advocates of the new approaches have reacted against the Fitts' List tradition:
It has sometimes appeared as if the central role of human factors has been to catalogue the limitations of the human information processor so that these limits could be taken into account in the design.… However, we would argue that … the human is currently the most valuable resource for linking information and action … it is not a question of protecting the system against human variability … but how to fully utilize the intelligence, skill, and imagination of the human against the complexities inherent in these domains. 25 Woods formalized this view by offering a different kind of list that is much in accord with HCC advocates. 33 Woods' "Un-Fitts List" presents a rich view, one that does not concentrate on human shortcomings. Table 1 contains one version of this list that emphasizes what people do well and how they create machines to enhance those competencies. They do so, for example, by creating algorithms that are well suited to bounded conditions and thus balance people's tendency to get stuck in "local" views and action patterns.
The idea that motivates an Un-Fitts list is this, paraphrased:
Approaches to design will not succeed if they maintain one conceptual space for the environment (machine, world) and another conceptual space for the human (information processing). Cognitive Engineering rests on a foundation of treating people and machines that do cognitive work as a single unit of analysis. Success depends on creating a conceptual space in which humans and the environment are jointly represented. 25 We express the spirit of the Un-Fitts' List in a nutshell by what we call the Aretha Franklin Principle, named after the singer because of her well-known recording of the song "Respect":
Do not devalue the human in order to justify the machine. Do not criticize the machine in order to rationalize the human. Advocate the human-machine system in order to amplify both.
Rosaceae Urgentis Paniculae
Rosaceae: The rose family Urgentis: Urgent Paniculae: A type of flower shape, used also to denote a type of swelling; etymologically related to the word used to denote the fear induced by the Greek God, Panhence, "panic"
Terms that belong to this next genus represent panic attacks in reaction to the perception that the engine of change (technology) is overwhelming. A clear case is the term Human-System Integration (HSI). Professional meetings that have used this term (for example, the November 2001 Human Systems Integration Symposium, sponsored by the American Society of Naval Engineers) have resounded with excited and ardent cries for the computer science community to cope with the design challenges for the next generation of systems, in which fewer people will have to do more work using more computers. A great deal of concern has been expressed over an imminent potential disaster when people (more or less poorly trained) are confronted with new and highly complex technologies (more or less human-centered) that themselves run new and highly complex systems (for example, ships to be manned by only 90 people). Varieties in this subspecies focus on the empirical investigation of certain psychological faculties and the design of systems that support the exercise of those faculties. Decision-Centered Design (DCD), for instance, focuses the empirical analysis on revealing the decisions that domain practitioners have to make, and the information requirements for those decisions. 34, 35 The Psychologicus species also includes varieties designated as Situation AwarenessOriented Design (SAOD) 36 and LearnerCentered Design (LCD). 37 Additional varieties fall in the other subspecies, Rosaceae Foci Explicationis Individualis, which focuses on individual differences. This includes a local variant of User-Centered Design, which emphasizes such things as autoadaptive systems and expert systems. Both are systems that interact with users on the basis of models of the individual users (that is, their learning history).
Rosaceae Foci Explicationis
Having laid out the acronyms using the rose metaphor of varieties (for terms) and genuses (for the themes and origins behind these terms), we can now attempt to clarify the "acronym soup."
Rosaceae Foci Explicationis Pluralis
Rosaceae: The rose family 
IEEE Pervasive Computing
The IEEE Computer and Communications Societies present "analysis" and "design." Empirically oriented researchers commonly generate data and identify leverage points that might lead to ideas for new tool designs, but they do not actually build tools. Indeed, so-called design activities are often analytical research activities that are intended to yield critical information for generating design ideas. This information can include things such as domain practitioners' reasoning, where new technology might be brought to bear. Thus, some activities whose name includes "design" should really be called something using the word "analysis." For instance, some activities that have been referred to as However, this begs a larger, more important question. What is the design process? Has anyone laid out a process, perhaps to complement the many detailed published descriptions of the empirical methodology that is used in analysis (for example, methods of cognitive task analysis and knowledge elicitation)? 38, 39 Often, individuals who have conducted analyses seem to identify a leverage point and then recognize how they might adapt a known idea or innovation to the case at hand. In short, there is no specific design "process." What makes this issue important is that customers in government say that what they most desperately need is a specification of the design process. This is a topic to be pursued in a future column.
Rosaceae Cogitationis Multiflorae
Rosaceae: The rose family Cogitationis: Thoughts or ideas Multiflorae: Trans-species root stock
We return to the initial genus and the idea of a root stock-that is, that all the designations in the acronym soup have some commonalities. The Concept Map in Figure 3 depicts these commonalities: the goal, the systems stance, the cognitive processes that must be the focus for analysis, and the method. Method includes both the analytical method (cognitive field research in the service of design) and the evaluative method (that is, that new designs must be empirically evaluated for usefulness and usability).
At Figure 4 places all the acronyms in the soup into a meaningful framework based on these considerations.
We thus have differently hued variants of the same variety of rose. They are all rooted in the same soil. All drink the same water. All reach toward the same light. To turn a phrase, ex uno plura. From one comes many. 
